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ANTENNA DIRECT ION- FINDING CHASAC'EERISTIC

* V. G. Pashekhonov

Sum mary

The side lobes of the diriction-finding characteristic of a

scanning antenna were studiid. The connqcticn bstwee-n the statistical

* parameters of the directivity Tattern and the direction-finding

charactc-risti.c during a mcncchromatic and uncorrelated wide-band

signal was dste-minrd. An integral parameter - the coefficient of

scattering of the dirEction-finding characteristic -was introduced,

and its valups were estimatqd.

Introduction
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During single-coordinate direction finling by successive

amplitud,3 ccmpariscn (scanning), thc signa. at the output cf th,3

goniometer is Froporticnal tc the value

o,(,q.) _G(o--o ,,q-) ....G(q . ,% , T), )

wherg 0, 0 are the angular cccrdinates of the source (0 is counted

from the equisignal directicn); S,_ is half the scanning angle;

G(o, 0) is the diroctivity pattern of the goniometer antenna.

The function G,(9, 0) is usually called the direction-finding

characteristic'.

Footnote: "With two-cccrdinate scanning, two type [1]

direction-finding characteristics are obtainad independently because

of orthogonality. End footnote

Its value is of interest in different areas of radar [1), especially

for goniometry of sources cf inccherent (ncisa) emission. In the

latter case, it completely determines the ratio of the useful signal

to noise from external noise? scurces (background) [2]. The background

consists of local and distant scurc-s positioned randomly relative

to the antenna. Thereforn, i-t is necessary to have quantitative

estimates of the direction-firding characteristic in the complete

spatial angle. However, as far as this author knows, up to now

A
A I.
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direction-finding characteristics have only been studied near-the

equisignal direction.

Thp purposse of this studl is to anilyzf. the dirsction-finding

charactrristic in the vicinity cf the side lobes. The specific

properties of the noise emissicn sources - the signal bandwidth and

the finite angular dimensicns - uere considered. The spatial

structure was considpred, and an integral paramater was introduced-

the coefficisnt of scattering cf th2 direction-finding

characteristic. Calculated formulae and quantitative estimates of the

paraneters of the directicn-tinding characteristic were obtained for

a mirror antenna based on the statistical dfescription of its

directivity pattern with a raircw-band (3] and a wide-band [4]

signal.

Spatial Structure of Directicn-Finding Characteristic

The analysis of the structure of the direction-finding

characteristic arnd the calculaticn of its Farameters are considg-rably

simplified if we reduce the right side of formula (1) to the product

of two functions, each of which depends only on one coordinate 6 and

0. The derivation of an approxlmato formula of this type Is givam

below for an axisymmetric direcitivty pattern and 0 C«l< (a
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highly-directional antenna).

Suppose that scanning cccurs relative to the z-axis in the plane

0=0 (Fig. 1), so that the maximum~ of thci pattcrn lies alternately on

the axes z' and z". hlcng with airgular coordinate system 6 and 0

bound to the z-axis, we will introduce the systems 0, 0 and ewe, 01t,

bound to the axes z' and z", respectively. Than, based on the

assumption of the axial symmetry of the dirqctivity pattern

+ 0,q) = G (0"), (2)

where the angics 0, 0, 01, 9"1 satisfy the relationships of spherical

triangles

CosO0' = CosOCK'CO'sO-I
4-sill 0., sill 0 MoS T.

COO " Cos 0' or, 0--siil 0 "' sil Ocms q. (3).

Z.I 
i . 1
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The right sides of formulae (3) cair be approximately reduced to

tho cosines of several angles. Ccnsidering that ,,<<l, we will -et:

COS 0 " Cos (0%K Cos i,), sin 0. COS p P sin (0' c0.S ). (4).

The error in formula (3) when using approximate equations (4) is

a valun on the order of 0.5 (O,,.csiIhI . i.e., there is no error in the
3

scanning plane 0=0, Y, and in the plane 0=v/2, T-n. where it is the

maximum, it does not exceed -<I.

With consideration of (4), formulae (3) assume the form

0' ! 0--0cCoq. 0"_ ! 0-t-0.cosq). (5).

The substitution of (5) in (2) and (1) gives us

G (0. T 0 G o o - (0 i1 , 0.

where

0K. -~0,,,Cos p. (7).

Expandirg the functicn w ( ,,.) near point 6 into a 'taylor
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series

and substituting this expansicr in formula (6), with consideraticn of

(7) we will have

Because of the conditic 9, ,<<l, henceforth we will limit

ourselves to only th2 first term in the serigos (theoretically, the

consideration of the subseguent terms is nct complex). Then

G,, (0, T) ;zt - 20, cos ,p G "') (0). (9)

As was anticipated, the direction-finding characteristic

dptermired by (6) and (9) has even symmetry relative to the scanrir.g

plane (0=0, w) and odd - relative tc the plane perpendicular to it

OP 2 ' 2n. According to (6) aqd (7), it suffices to know the

direction-finding characteristic in the scanning plane and its

dependence on the scanning angle in crder to easily determine

Gm(9, 0) in any plane O=ccnst. According to formula (9), it suffices

to know the derivative cf the directivity Eattern for the approximate

determination of G(O, 0).

It is also clearly evidemt from formula (9) that the
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direction-finding characteristic has a lobe structure with

altnrnating positive and negative lcbcs. Remb-Er that when

incoherent emission is received, G(8) is the directivity pattern for

power. ie. , G (0) >O.

Scattering Coefficient of Direction-Finding characteristic

For a distant emissicn scurce, the signal at the goniometer

outllet modulated at the scanning fregupncy is propcrtional to the

integral of GOO6, 0) taken frci the spatial angle subtended by the

source. Tharefors, in order tc estimated tba modulated noises frcm

external sources, we will irttcduce an integral parameter - the

scattering coeffIcient of the direction-finling characteristic. We

will define it analcgously to the known antenna scattering

coef ficioent (e. g. , see [ 5). Ih- antenna scattering coef ficiont

outside the spatial angle Q

GI S(0, q)d S?= I -f f G(0, q)d . (10)

wher:! the directivity pattern (fcr power) G(e, 0) is normalized so

that Je.q)I-I.()

4n
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It is usually assumed that 2 = M is the spatial angle which

subtznds the main lobe of the directivity Fattern.

Introducing t.c scattering coefficient of the directicn-finding

characteristic (n) ar.alogously to (10), it is necessary to consider

-t 3the odd symmetry of G(0, 0) relative to the plane '=--i t, as a

result of which sources positicred symmtrically relative to this

plane to not emit a signal which is modulated at the scanning

frequency. Therefore, we will define A. as follows:

- d ,(I. G (o, ,)si, 10 d 0. (12)
lot 0,

w he r-

22

I Nn is the angle which determines the position of the first zero (or

minimum) of the dircctivity Fattern.

Substituting (9) in (12) and integrating (we will take the

integral with respect tc 0 "by Farts"), we will have

Pn 20 . (sill 2-sin q,) [G (01) sin 0, -G ( ) sin 0 G () sOdO]. (13

Subsequrntly, we will ccnsider the partial case when scattering

is d.termined outside the main lcbe of the directivity pattern.
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Setting 01=w/2, 02 =w/2, O=Or,, G=w, respactivcly, in (13), and

considering that G(Or)=O, we will have

,, ,10,,f, G ((1) co-sO 10.- (14)

The peculiarity of (14) ccmFared to (10) is that in subintegral

expression (14), sino is replaced by cosO. As a result, we cannot

automatically reduce (14) to the calculaticr of the integral from the

directivity pattern G(0) in the vicinity of the main lobe, as is done

in (10). It is necessary to integrate G(9) cosO in the angle Or:- O Jt,

where known difficulties are enccuntered in determining G(O). This

problem is considere'd in the rext section cf the report.

It is not difficult tc astatlish the relationship between ,

and P. From (14) and (10) we lave

.cos (O) co,.O d 0

S ()sin0d O,

A linear dependence on 6 is characteristic of formulae (14)

and (15). Since 9C<<l, <

Whence the antenna noise ccmponent modulated at the scanning

frequency is considerably smalle: than tho constant component. This

is due to thp situatior mcnticned at tha end of the preceding

A --- S.
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section: all of the lobes of pattern G(e), which determine the value

of f, are inphase, while lcbes Gn (0, 0) ar.e sign-variable.

Statistical Paramet.rs cf the Eirection-Finding Characteristic

ThE formulae obtained abcve make it possible to calculate the

directicn-finding charact.ristic and its scattering coefficient if we

know the directivity pattern G(9) in tho entire spatial angle. The

problem is that the dircctivity pattern of most SHF antennae cannot

be calculated in the vicinity cf the far side lobes. One possible way

of dealing with this problem is to use the statistical descripticn of

G(8). Report (31 shows that tle directivity pattern of a mirror

antenna in the vicinity of the irregular (far) lobes can be

considered to be a stationary random process which is nearly

Gaussian. Obviously, the prccesses G(0-0O) and G(0+0) and,

consequently, also the directicn-finding characteristic, can alsc be

considered to bc nearly Gaussian processes.

Ws will designatc the mathematical xpectaticn and dispersior of

the process G(6) as m and v2, respectively. Based on stability at a

fixed *

MI (O ---o0,, , 16 (0 !F[ )I _, (16)
)I; (I -- O . - v; ( I-) 1 - . (17)

f.
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Since G,(O) is a Gaussiar Frcc'ss,'its distribution is

complettly drtermined by twc Farametrs: mathematical expectation

(m.) and dispersion (a2). Ccnsidering (16) and (17), we will have:

-Aj(G(0 -0 (18

0' 2 )IG(0- ,jI IG(- 0.M)--2o.K(20,.) 20II -K (20,,)1, (19)

wher3 K(Or) is the autocorrilaticn coefficient cf prccess G(O).

According to (18) and (1S), in a fixed plane O=const, G(O) is a

stationary Gaussian process %Jit a zero mean value and dispersion

which depends on the scanninS angle. The autocorrelation coefficient

of the directivity pattern measured with respect to power is

essentially equal to zero when 69>90 [3). Tharsfora, according to

(19). the dispersion cf the direction-finding characteristic when

O9 >e0 is rqual to twice the dispersion of the directivity pattern.

It is necessary for angle O1 tc be sufficiently small so that q2<q.

As * increases from 0 to w/2, 6, and, conseguently, also the lokes

of the direction-finding characteristic decrease; process G(G, 0) is

unstable with respect to 4.

In order to calculate tke scattoring coefficient of the
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dircction-finding characteristic, we will divide the integraticn

intrrval in (14) into two parts: Orp,<O,<Op .and 9e.6<w (h-ere 8, is the

bcundary of the regular and irr gular lobes). In the first part cf

the interval, thcrE is no majcr problem with integration. Since the

antenna is highly-directicnal ard ON.<<l, 0,<<1,

TkA
G(OGd O co dO ."G O O O-Otn,(0

where M G(0)d is the mean level of the regular lobes.
I"'p - T a

0P --- 0"

We will estimate the integral from the second part of the

interval by using the statistical representation of G(O). Considering

that with sufficient directivitj cf the antenna, G(O) changes rapidly

compared to cose of the functicr, and that the sign of cosO changes

in the interval (9p, r), we will obtain the estimate

G (0) cos 0 d0 -m ,,. (21)

Since me>>m, t'Ch regular lobes of the pattern make the main

contribution to the value of tb scattering ccsfficient of the

direction-finding characteristic, and (14) can be written as

p, it 40, (0, -- Ora) fp. (22)

According to (22), in crdqr to cst.mate thq scattering



DOC = 0961 PAGF 13

coefficient of the directicr.-firdingj chiracteristic, it suffices to

know only the parameters which~ are cith-:r easy to calculate or easy

to determine experimentally. flike the level of the side lob~es, the

value of A, decreases as 0,, decreases.. , does not depend on the

dircoctivity of the antenna - the val'ues 0.,, Op, and 9... are

proportional to 00, and v5th ccnsidr-ration of (11) , the value of mp

is proportional to 0,-2.

Calculations made using fcruule (22) give us the value A,,=1.3o/o

with a uniform field distri4buticn i'. the antenna aperture and

Pj,=0.2o/o with zero illuminaticn of thp edge.

It is morri complex tc qxperimentally determine P. than ft. In

fact, while it is easy to calculate the value of P from the measured

incremer. in antenna. ncise frcff a "black" disk which covers the zain

lobe of the dir3-cti4vty pattern (5], we need a "black" disk which

subtends almost half the spatial angle (--q -. ri0tin'order

to find p.. It is expedient to use the underlying surface as this

disk. However, cne must consider that in this case, the main lcbe of

the directivity pal-ttcIrn will scan nt r the horizon, where the naximum

atmospheric brightness cccurs. Therefore, it is necessary to exclude

the modulated noise of the arterna caused by scanning of the main

lobe frem thr results. This ncisn is not difficult tc calculate for

decimeter waves, and also fcz ceftimeter waves with a homogeneous
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atmosphcre. Additional sources cf experimental error are the

irregular brightness temperature of the underlying surface across the

angle and its location in the far or interm-diate zone of the

antenna. These errcrs ar" especially -1apge in the vicinity of the

near side lobes of the dirxctiwity p*attern.

Measurements cf A. were taken in order to minimize these errors.

A parabolic mirror with an aFerture diameter of 30 wavelengths was

installed so that the equisigral direction formed an angle of 120 to

the plane of th- horizon and tb9 near side lobes were directed tc the

framework. A sufficiently larce angle of elevation made it possible

to calculate the modulated ncise caused by scanning of the main lobe

of the directivIty pattern.

After eliminating the _ffect of the atmosphere, when , =0, 016,

the value of pn was 2.6o/c. For tho3 same antenna, 0=21o/o. The

divergence of these experiffints from the previous calculated

Pstimatcs is caused first by the fact that the estimatos were rade in

the aperture approximation and did nct consider many factors, and

second, because the aberraticrs which occur during scanning were not

considered. Howsver, it is significant that like the calculation, the

experiment confirmed the inequality P<<O. Furthermore, a nearly

linear dependence P(c,) was found, which corresponds to formula

(22). Thus, when 9CK increased 1.27 times, coefficient n increased
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1.21 tirwes. The experim'pnt trade it possible to 3stimate the

contribution of the near and far side lobes to the value of

Incraasing the angle bctween the equisignal direction and the plane

of the horizon to 250, when th~e regular- lobes turned out to be

directed toward t.he sky, caused Pru to b= reduced to 0.3o/o. Finally,

this iaxprimsetal data agren.d well with the result of the calculation

of ft. from formula (15). Using this formula for the numerical

integration of the experimental directivity pattern gave us the value

ft=29o/o.

Parameters of Direction-Finding Characteristic During a Wide-Band

signal

When the receiver has a finite passband, the angular sensitivity

of the antenna relative to unccrrelated signals is determined by the

directivity pattcr.- (characteristic) avsraged over thp passband cf

the receiver:

SI (0) (2)3),)do

:h,3ra:(w.) is the frequency cIlaracteristic of the HF filter of the

receiver
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Raport [4 ] shows that fcr a reflector antenna, in the vicinity

of the far sidc lobes, the pattern q(0) can be considered to be an

unstable Gaussian process with a ccnstait mathematical qxpectaticn

and dispersion which decreases as angle 0 increases. This gives us

grounds for considering the directicn-finding characteristic during a

wide-band signal tc be a Gaussian process. obviously, its

mathematical expectation is equal to zpro. Thc dispersion is

calculated from a formula of the type (19), where it is necessary to

substitute I>(0) for G(0). We will ccnsider its terms.

According to report [4], with sufficiently large values of 0

D(,](0 ,0c.l ,' ' , .] (24)
, (0 ± 0, K) (2na),(O '

where a is the parameter of te autccorrelation function of the

directivity pattern [4]:

R (. 1') (2 e~e , 0: VI --, a> 1. (25)

Considering that in the vicinity of the irregular lobes, O>>O,,

from (24) we have

l)l (O--O.)l I I)1 1 (0 I O(. - I (26)

-- 0)2
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It is rot difficult tc shcw that in the problem in questicn, the

relationship betwEen the autcccrrelation cco-fficients of the

directivity pattern and characteristic is given by the formula

K 1 1 h 02) -- S(1.)K(0 2- d ( c'd (ii.(27)10.

For deffinitencss, we will assume that the characteristic of the

HF filter is rectangular:

0 o(-n),

wo %(I 4.1 1),

and that 01=0, 02=0+20"

Then, integrating (27), ue will have

where we have designated x=2 nae. with sufficiently large 0, sc that

K.-el i 2a (29)
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Substituting (29) and (2E) into formula (19), we will have

ch 2a_( I t

Like for a narrow-band BE filt-r, v2 increases as O9 increases

(we should consider that formula (30) was cbtained with the

assumption that 0,_<0 and ch~aS9, is a limited value). The

significant differ, ce P that with a wide-band signal, the

dispersion of the dirEction-finding characteristic decreases as 0

increasps. Thus, in this case, the directicn-finding characteristic

is an urstable Gaussian process with a zarc matheratical expactation

and dispersion which decreases as angle 0 increases. The value of an

is inversely proporticnal to the relative hand (2 n) of the HF

filter. Therefore, broadeninc t|:e band of the HF filter reduces the

level of the sidc lobes of the direction-finding characteristic.

The scattering ccefficient cf the direction-finding

characteristic depends little cn the band cf the HF filter, since it

is determined by the regular side lcbes, whose mean level essentially

does not depend on the band.

4'

I

= -. li
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